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(57) ABSTRACT

An optical communications system is disclosed. In the optical
communications system, a received light source is modulated
in accordance with an electrical signal using an acousto-optic
modulator. The acousto-optic modulator modulates an ampli-
tude of the received light source in accordance with an ampli-
tude of the electrical signal. Furthermore, an angle of diffrac-
tion of a beam produced by the acousto-optic modulator is a
function of a frequency of the electrical signal. The optical
communications system is equipped with a waveplate that
converts a polarization of the diffracted beam to correspond to
the polarization of an undiffracted beam. Improved detection
and recovery of the electrical signal may be achieved due to
the polarization correspondence between the diffracted beam
and the undiffracted beam.

20 Claims, 2 Drawing Sheets
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1
OPTICAL COMMUNICATIONS SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of U.S. Provisional
Patent Application No. 61/768,732 filed on Feb. 25, 2013, the
contents of which are hereby incorporated by reference
herein as if fully set forth.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed generally to an improved
optical communications system that utilizes an acousto-optic
modulator device as a signal transmitting transducer for elec-
trical signals carrying information and, more particularly, to
an optical beam that has been modulated by an acousto-optic
modulator that can be detected by a photodetector and appro-
priate electrical transducer circuits to demodulate the optical
beam and recover the original electrical information.

2. Description of the Related Art

U.S. Pat. No. 5,146,358 describes an architecture of optical
and electrical components that constitute an optical commu-
nication system.

U.S. Pat. No. 5,146,358 further describes that diffracted
optical beams in conjunction with a remaining or undiffracted
optical beam may be spatially recombined by an optical lens
to create a single composite optical beam that can propagate
through free space or an optical waveguide, directly to a
photodetector that performs the optical demodulation func-
tion to recover the original electrical signal.

U.S. Pat. No. 5,146,358 further describes the manner in
which a diffracted portion of the optical beam experiences
modulation of optical amplitude and frequency by means of
the acousto-optic interaction effect, and specifically that the
optical amplitude and frequency modulation is equal to the
amplitude and frequency of the input electrical signal. Fur-
ther, the undiffracted portion of the optical beam does not
experience any acousto-optic modulation, and thus serves as
a reference signal beam carrying the original amplitude and
frequency parameters of the input laser beam. A remote pho-
todetector in the reverse biased photo current mode serves as
a classical signal mixer so that the incoming diffracted beams
and the incoming undiffracted beam provide the signals
required to perform homodyne mode detection and recovery
of'the original electrical signal. This architecture is useful for
carrying electrical information in that the architecture pro-
vides a self-referencing signal modulation system, i.e., the
desired electrical signal parameters are represented by the
amplitude and frequency differences between the undif-
fracted reference beam and the diffracted signal beams
present in the composite beam. This architecture of optical
differences provides a means for signal transmission and
recovery that is independent of absolute laser amplitude and
frequency variations or instabilities. Further, the architecture
provides a means of providing a coherent signal channel that
provides a means of transmitting complex electrical signals
over some useful distance to a remote photodetector receiver
that can recover the complex electrical signal.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

FIG. 1 shows an example of an acousto-optic communica-
tion system in accordance with at least one embodiment; and
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FIG. 2 shows an example of polarization conversion in
accordance with at least one embodiment.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows an example of an acousto-optic communica-
tion system in accordance with at least one embodiment. The
acousto-optic communication system may be an optical
transmitter that is configured to receive an input electrical
signal and modulate the input electrical signal as an optical
beam.

In the communication system a laser source 102 supplies
one or more laser beams to laser beam forming optics 104.
Following beam forming, an input laser beam is provided to
an acousto-optic modulator 106, which is also known as a
Bragg cell. In addition to the input laser beam, the acousto-
optic modulator 106 also received an input electrical signal
108. The acousto-optic modulator 106 causes a portion of the
input laser beam to become diffracted at an angle away from
the incoming beam direction. For example, in FIG. 1 two
output beams 112, 114 are shown. The first output beam 112
(also referred to herein as a zero-order beam or undiffracted
beam) may have the same or corresponding amplitude, angle
of arrival, incidence or diffraction or polarization properties
as the input laser beam. The second output beam 114 (also
referred to herein as a first-order beam or diffracted beam)
may have different amplitude, angle of arrival, incidence or
diffraction or polarization properties than the input laser
beam. It is noted that only two output beams 112, 114 are
shown in FIG. 1 for ease of description and that various
embodiments may be contemplated in which there are fewer
or more output beams.

The angle of diffraction of the diffracted beam 114 is
proportional to the electrical frequency of the input electrical
signal 108, which may be a data-modulated radio frequency
(RF) signal input. Further, the amplitude of the diffracted
beam 114 is also proportional to the amplitude of the input
electrical signal. A plurality of simultaneous input electrical
signals may cause the diffraction of a plurality of output
beams. Each output beam of the plurality of output beams
may have an angle of diffraction that is a function of the
frequency of the input electrical signal 108. Further, the opti-
cal amplitudes of the output beams are proportional to the
amplitudes of the input electrical signal. An input electrical
signal 108 representing a wide bandwidth signal whose
instantaneous signal bandwidth is a complex representation
of multiple signal components may result in a broad dif-
fracted beam diverging from the acousto-optic modulator 106
with a complex amplitude spectrum.

Following modulation by the acousto-optic modulator 106,
the undiffracted beam 112 and one or more diffracted beams
114 may propagate to a remote photodetector that is config-
ured to recover the electrical signal based on the received
beams. The photodetector may utilize both the amplitudes
and angles of diffraction of the diffracted beams 114 as well
properties of the undiffracted beam 112 to recover the modu-
lated input electrical signal 108.

In addition to the amplitude of the diffracted beam 114
being modulated in accordance with the amplitude of the
input electrical signal, the polarization properties of the dif-
fracted beam 114 may become different than the polarization
properties of the undiffracted beam 112. Furthermore, recov-
ery of the electrical signal by a remote photodetector based on
the undiffracted beam 112 and one or more other diffracted
beams (such as the diffracted beam 114) may be impacted by
the polarization parameters of the input undiffracted and dif-
fracted beam components. For better recovery of the electri-
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cal signal 108, it is desirable for the undiftracted beam 112
and the one or more diffracted beam 114 components to have
the same or corresponding signal polarizations. For example,
the ability to recover the electrical signal from the optical
beams may be improved by minimizing the difference in
polarization parameters of the two optical beams.

As described herein, much like the diffracted beams 114
experience modulation of amplitude and frequency by the
input electrical signal 108, the diffracted beams 114 also
experience modulation of the optical polarization electric
field vector. The modulation of the optical polarization elec-
tric field vector will cause the polarization of the diffracted
beams 114 to be different than the undiffracted beam 112.

As shown in FIG. 1 an optical waveplate 116 is used to
correct an undesirable change in the optical beam electric
field polarization of the diffracted beam 114. The optical
waveplate 116 may be a passive optical component and may
be used in the optical transmitter to counteract changes in the
optical beam electric field polarization of the diffracted beam
114 induced by the acousto-optic modulator 106. Accord-
ingly, the adverse effects of propagation through homoge-
neous media are reduced. The waveplate 116 may be disposed
between the acousto-optic modulator 106 and a lens 118 that
aligns the diffracted beams 114 and the undiffracted beam
112. Correction of the optical electric field polarization in the
diffracted optical beam 114 is accomplished within the opti-
cal transmitter by inserting the waveplate 116 that converts
the polarization parameter of the diffracted beams 114 to be
compatible with the polarization parameter of the undif-
fracted beam 112.

It is noted that the composite beam comprising the dif-
fracted signal beams 114 and the undiffracted reference beam
112 both experience similar or identical effects of the inho-
mogeneous media. However, because signal information is
conveyed in the difference of optical parameters of the com-
posite beam, the propagation effects of the media are reduced.

The waveplate 116 may be a quarter waveplate that per-
forms bi-directional optical polarization conversion from lin-
ear polarization to circular polarization. Further, the wave-
plate 116 may be a halfwave plate that performs bi-directional
optical polarization conversion from linear polarization to an
orthogonal linear polarization (for example, by rotating the
polarization by 90 degrees). Insertion of an appropriate wave
plate accomplishes the correction of the polarization vector.

FIG. 2 shows an example of polarization conversion in
accordance with at least one embodiment. An optical trans-
mitter 202 is shown to include an acousto-optic modulator
204 and a waveplate 206. Also shown is an optical receiver
220, which may be responsible for receiving diffracted and
undiffracted beams and recovering an electrical signal based
atleast in part on the received beams. The optical receiver 220
is also referred to herein as a photodetector. As described
herein, the acousto-optic modulator 204 may receive a light
beam, such as a laser beam, and modulate the laser beam in
accordance with an electrical input signal to produce a dif-
fracted beam 208. The acousto-optic modulator 204 also out-
puts an undiffracted beam 210 as shown in FIG. 2. The polar-
ization properties of the diffracted beam 208 may have
become altered due to the acousto-optic modulator 204 and it
may be desirable for the polarization of the diffracted beam
208 to be transformed or converted to be the same as those of
the undiffracted beam 210. For example, the undiffracted
beam 210 may be circularly polarized and the diftracted beam
208 may be linearly polarized. Accordingly, the linear polar-
ization of the diffracted beam 208 may be sought to be con-
verted to circular polarization for the polarizations of the two
beams 208, 210 to correspond to one another. Similarly the
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diffracted beam 208 may be linearly polarized and the polar-
ization may be sought to be converted to an orthogonal linear
polarization.

A waveplate 206 may be used to convert the polarization of
the diffracted beam 208. As described herein, the waveplate
206 may be a quarter waveplate that is configured to convert
a linearly polarized diffracted beam to become circularly
polarized and vice-versa. Further, the waveplate 116 may be
a halfwave plate that is configured to convert a linearly polar-
ized diffracted beam to have an orthogonal linear polarization
and vice-versa. In addition, polarization conversion may
include changing diffracted signal polarization from or to
elliptical polarization. Having a correspondence or a match
between the polarization of the diffracted beam 208 and the
undiffracted beam 210 results in improved detection and
recovery of an electrical signal modulated by the acousto-
optic modulator 204.

Although polarization conversion is described for use in
optical transmitters, it may be contemplated in various
embodiments that the conversion is performed by a receiving
entity, such as an optical receiver that is responsible for recov-
ering an electrical signal from transmitted optical beams.
Furthermore, the embodiments described herein are not lim-
ited to light beams and may be applicable to any waveform,
such as any electromagnetic waveform. It is also noted that
even though polarization conversion is described herein as
being applied to or performed on diffracted beams, in various
embodiments the polarization of an undiffracted beam may
be converted to correspond to the polarization of the dif-
fracted beam. A correspondence in polarization between two
beams may include the two beams having a matching polar-
ization or a first polarization of a first beam being converted to
approximate the second polarization of the second beam,
among others. Two beams may have corresponding polariza-
tions if the first polarization of the first beam is converted to be
close (but not identical) to the second polarization of the
second beam.

The foregoing described embodiment depicts different
components contained within, or connected with, different
other components. It is to be understood that such depicted
architectures are merely exemplary, and that in fact many
other architectures can be implemented which achieve the
same functionality. In a conceptual sense, any arrangement of
components to achieve the same functionality is effectively
“associated” such that the desired functionality is achieved.
Hence, any two components herein combined to achieve a
particular functionality can be seen as “associated with” each
other such that the desired functionality is achieved, irrespec-
tive of architectures or intermedial components. Likewise,
any two components so associated can also be viewed as
being “operably connected”, or “operably coupled”, to each
other to achieve the desired functionality.

While a particular embodiment of the present invention has
been illustrated and described, it will be obvious to those
skilled in the art that, based upon the teachings herein,
changes and modifications may be made without departing
from this invention and its broader aspects and, therefore, the
appended claims are to encompass within their scope all such
changes and modifications as are within the true spirit and
scope of this invention. Furthermore, it is to be understood
that the invention is solely defined by the appended claims. It
will be understood by those within the art that, in general,
terms used herein, and especially in the appended claims
(e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including” should be inter-
preted as “including but not limited to,” the term “having”
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should be interpreted as “having at least,” the term “includes”
should be interpreted as “includes but is not limited to,” etc.).

It will be further understood by those within the art that if
a specific number of an introduced claim recitation is
intended, such an intent will be explicitly recited in the claim,
and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following
appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to inven-
tions containing only one such recitation, even when the same
claim includes the introductory phrases “one or more” or “at
least one” and indefinite articles such as “a” or “an” (e.g., “a”
and/or “an” should typically be interpreted to mean “at least
one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should typically be interpreted to mean at
least the recited number (e.g., the bare recitation of “two
recitations,” without other modifiers, typically means at least
two recitations, or two or more recitations).

Accordingly, the invention is not limited except as by the
appended claims.

What is claimed is:

1. An optical communication system comprising:

an acousto-optic modulator configured to receive an elec-

trical signal and modulate a light beam in accordance
with the received electrical signal to produce an undif-
fracted beam and at least one diffracted beam, the undif-
fracted beam having a first polarization and the at least
one diffracted beam having a second polarization, the
first polarization and the second polarization being dif-
ferent; and

awaveplate configured to receive the at least one diffracted

beam as an input, convert the second polarization of the
at least one diffracted beam to correspond to the first
polarization and provide the at least one diftracted beam
having the converted polarization.

2. The system of claim 1 wherein the acousto-optic modu-
lator is further configured to receive the light beam from a
laser source.

3. The system of claim 1, further comprising:

at least one lens configured to receive the undiffracted

beam and the at least one diffracted beam having the
converted polarization and align the undiffracted beam
and the at least one diffracted beam having the converted
polarization for transmission to an optical receiver.

4. The system of claim 3 wherein the optical receiver is a
photodetector.

5. The system of claim 1 wherein the first polarization of
the undiffracted beam is linear, circular or orthogonal linear.

6. The system of claim 1 wherein the waveplate is further
configured to convert the second polarization of the at least
one diffracted beam from linear, circular or orthogonal linear
to correspond to the first polarization of the undiffracted
beam.

7. The system of claim 1 wherein an amplitude of the at
least one diffracted beam is modulated in accordance with an
amplitude of the received electrical signal.

8. The system of claim 1 wherein the acousto-optic modu-
lator is a Bragg cell.
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9. The system of claim 1 wherein the first polarization of
the undiftracted beam is the same as a polarization of the light
beam.

10. The system of claim 9 wherein modulating the light
beam, by the acousto-optic modulator, in accordance with the
received electrical signal causes the second polarization of
the at least one diffracted beam to be different than the polar-
ization of the light beam.

11. The system of claim 1 wherein an angle of diffraction of
the diffracted beam is a function of a frequency of the
received electrical signal.

12. An optical transmitter comprising:

a laser source configured to provide a laser beam;

a Bragg cell configured to modulate the laser beam in
accordance with an electrical signal to produce an undif-
fracted beam and a diffracted beam, the undiffracted
beam having a first polarization and the modulation
causing the diftracted beam to have a second polariza-
tion that is different from the first polarization of the
undiffracted beam; and

a waveplate configured to receive the diffracted beam from
the Bragg cell and convert the second polarization of the
diffracted beam to correspond to the first polarization of
the undiffracted beam, the waveplate being further con-
figured to output diftracted beam having the converted
polarization.

13. The optical transmitter of claim 12 wherein:

the first polarization of the undiffracted beam is linear,
circular or elliptical; and

a polarization of the output diffracted beam matches the
linear, circular or elliptical polarization of the undif-
fracted beam.

14. The optical transmitter of claim 12 wherein an ampli-
tude of the diffracted beam is modulated to be a function of an
amplitude of the electrical signal.

15. The optical transmitter of claim 12 wherein an angle of
diffraction of the diffracted beam is a function of a frequency
of' the electrical signal.

16. The optical transmitter of claim 12, further comprising:

at least one lens configured to receive, from the Bragg cell,
the undiffracted beam and the diffracted beam and align
the undiffracted beam and the diffracted beam for trans-
mission to an optical receiver.

17. The optical transmitter of claim 16 wherein the optical
receiver is a photodetector.

18. An optical communication system comprising:

an acousto-optic modulator configured to receive a wave-
form and modulate the waveform in accordance with an
electrical signal to produce an undiffracted beam and a
diffracted beam, at least one of the undiffracted beam or
the diffracted beam having a first polarization and at
least one other of the undiffracted beam or the diffracted
beam having a second polarization, the first polarization
and the second polarization being different due to the
modulation of the waveform;

a waveplate configured to convert the second polarization
to correspond to the first polarization.

19. The optical communication system of claim 18 wherein
the waveplate is further configured to output the at least one
other of the undiffracted beam or the diffracted beam having
apolarization corresponding to the first polarization for trans-
mission.

20. The optical communication system of claim 19, further
comprising:

composite beam launching optics configured to receive the
at least one other of the undiffracted beam or the dif-
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fracted beam from the waveplate and transmit the at least
one other of the undiffracted beam or the diffracted
beam to an optical receiver.
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